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The above view shows the exterior of a modern Zenith receiver with a high quality audio amplification system. 
It includes facilities for record reproduction. Remember as you study this lesson reference is made to all 
radib sets such as the above. 


flmPUflCIITIOn AT LOUI fREQUEnCI£S 

Lesson No. ND-15 


Your study of amplification up to 
now has dealt mainly with high frc* 
queneies—that is, with modvlaHd 
high fi^quency carrier waves as ra¬ 
diated by radio stations. This repre- 
^hts a^bw si^ial superimpo^d 
on a restively high frequency which 
acts as a carrier fi^queney as men¬ 
tioned in other lessons. Amplification 
of these frequeneies is called R.P. or 
high frequency amplification. This is 
the type of ampMfleation usually em¬ 
ployed before the signal reaches the 
detector ^ defnodvMtor tube in a 
radio set. It is the function of the 
detector or demodulator tube to re¬ 
move or elimini^ the high frequency 
carrier wave, leaving only the A.F. to 


be ^piified by the AJP.. amplifier. 
The process of eliminating the carrier 
wave is called demodulation or^ more 
often,, detection. With respect to the 
passage of a signal through a radio 
set, the A jp. amplifier follows the de¬ 
tector. From this brief description it 
should be clear that in. one form or 
another evei^ radio set has an R.F. 
amplifier, a detector and an A.F. am¬ 
plifier. The R.P. and A.F. amplifiers 
may be elaborate and complex or they 
may consist of simple single stage 
amplifiers. 

Since A.F. amplification is relative¬ 
ly simple, a studj’^ of it is desirable 
before taking up the study of detec¬ 
tion or demodulation. Therefore, we 







the study of: this-general 
t@ a later lesson to e^iain, 
np the study of A.F. amplifiea- 
in this le^n. With tMs knowl- 
as a background, you be in a 


^5; ; ’ ^ position to appreeiate the fine 
jKiantg of demodulation. 

-to A.F. mnplifier ^wiH amplify any 
.mgnal which is properly fed to 
^he usual sourer of A J. signals 


the output of (1) a detector tube 
la a radio set, (2) a micrc^hone, (3) 
a.idtonograph pick-up unit and (4) a 
?;: ^ho^ell as used with sound moSon 
pfeture film. For the time being, we 
%• itSl not consider the last three sources 
but wll confine our remarks 


:fe A.F. as it is provided by the outpui 


tube in-a rfedio ^t. 
^l^*|-^®terefore; in this lesson when we re- 
‘ ""|,f A.F. or a source of A.F., try 

J^^.^?3£eep in mind that we are referring 
the output of a detector tube as 
in the average r^kdio i^t. 


physical parts of an A.F: am- 
l^pltfier are: (1) a suitable input cir- 
to the first tube in the A.F. am- 
(2) one or more radio tubes 
build up the'voltage and power of 
tihe signal fo the desired level and 
f?) a suitable output circuit which 
feed energy to a speaker for the 
"f j^duction of sound waves, 

There are' two main aims of an 
mnplifier. These ai«: (1) to 
up or am|)lify voltage and (2) 
^^i^develop power! These are^ distinctly 
^^^fc^he same thing. Eemember voit- 
is a driving force which makes 
flow. The higher the volta^, 
more the current that flows i/ the 
remains constants Power, 
“^e other hand,i is the product of 
|.?|j^ge and current or E x I. From 
would ^em that the higher 


voltage, the more power there 


be in an amplifying circuit, 
fe^would be true if all resistance 




factors remained con^to#^fwhich 
they do not as will be brOUf^t out 
later) so there is always il .piiiEtical 
limitation to the increasei^f^mgnal 
voltage or power. ' " 


In some radio sets, the, dethci^ tube 
feeds direct into the input the 
power stage. Such sets employ^^^er 
tubes (pentodes) of high sen0^^^ 
which take a low voltage A.F. sij^St^. 
and translate maximum power frbtu 
it. Most radio sets, however, feed the 
output of the detector to the input of 
a voltage amplifier tube^'which, in 
turn, feeds a power tube or tubes. 


There is a need for voltage ampli¬ 
fication because the output of the av¬ 
erage detector is too low to operate a 
speaker to a suiBcient level to create 
sound waves of ordinary room vol¬ 
ume. Then when the voltage is built 
up sufiiciently there is a need to trans¬ 
late it into terms of power to operate 
a speaker because a speaker is essen- 
^&dly a motor and when a motor op¬ 
erates it consumes power. A speaker, 
therefore, is a power~co^%surning de¬ 
vice as you will learn later on when 
you take up the study of speakers. 
The most efiScient device for trans¬ 
lating signal voltage stpwoZ power 
is a power tube. Therefore, the usual 
A.F. amplifier in the average radio 
set will include at least one voltage 
amplifier tube and at least one power 
tube. These functions may be com¬ 
bined in multiple puipose tildes, but 
essentially separate stages ttre em¬ 
ployed for each function as' you will 
learn later on. 


Your first studies of A.F. amplifi¬ 
cation will have to do with voltage 
amplification and then power ampli¬ 
fication will be taken up in another 
lesson. The diffeienc^s between the 
two types of amplification will be 
made more clear as progress is made 
with the study^ . , "V ^ . 











THE AIJHIO FREQUENCY band to, be between about 30 
■ . ' BAND _ 10^000'. cyeles. 

The s^etrum of^quencies lying SOUND WAVES VEeIsUS A.il ' 
between 20 and ^,0(W cycles includes VOLTAOE OB CURRENT 
the extreme limits of the A.F. band. MKi 

The human ear, however, can not re- should understand the diff: 

spond to these extreme limits. Some between actual sound or 

(ew persons can recognize sound down waves and voltage or 
to as low as 30 or 40 cycles and i^me When A.P. is fed to a speaker, ;|§|: 
few others can hear up to perhaps diaphragm vibrates back and 
from 12,000 to 14,000 cycles. The av- sretting up actual but invisible 
erage person can hear sound waves which act on our ears as sotu^iI; 

from 100 to 10,000 cycles with great- volt^e or current, on 

est sensitivity of the ear being in the ofber hand, is purely an electrfi^^: 
1,000 to 3,000 cycle range. A good PJ’operty for, as you know, electri^^J: 
high fidelity A.P. amplifier will am- itself cannot be heard by the humi^| 
plify all A.F. frequencies between 30 

and 10,000 cycles to some extent. The Actual sound air waves cannot l^S 
average radio set, on the other hand, amplified electrically and you can^^^s 
may cut off all frequencies below 80 hear an audio frequency, current 0^5 
cycles and above 5,000 cycles, and the voltage. The term audio f requency irtp; 
average person will not miss these used in connection with voltages 
frequencies. By cutting off frequen- currents means that their rate 
cies is meant that the amplifying eir- cjb^ge m reywdL. is the same/ ^J 
cuit and speaker will not i^pcmd terf of 

the extreme limits of A.F. frequen- 

cies. The wider the A.P. band covered The pitch or tone of a sound is 
by an A.P. amplifier and speaker, the termined by the numbeji of fimes 
iftore complex the circuit required and air is compressed or rarified in 
the more it costs. Then, too, some dueing it. Figure 1 will ^ve y^ ;^ 
designers take the viewpoint that it is veiy good conception of what 
needless to design a wide band ampli- the audible spectrum^ This is the 
fier when so few of the people are possible range of frequencf^ 
equipped to appreciate the tone quali- the sensitivity ef the humcm ear, 
ties it provides. Because of the fore- standard piano keyboard in Pig 
going factors and for the purpose cff given for comparison witS'■ 
this leaffiii, you may assume the A.P, sounds. Y 
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called. (The next lesae^i ih your 
S.A.R. course will give moire informa¬ 
tion on haimonics, funda¬ 

mental frequencies.) 

Figure 2 is useful in the 

sound levels you are aeefiigttonied to 
hearing. It is the electrieal e^^uiva- 
lents of these sound levels whichmust 
be amplified by the A.P. amplifier, 
^unds vary in loudness or intensity 
in acco:^an<^ with the energy re¬ 
quired to produce and the dis¬ 
tance they travel thKmgh the air. 
The data given in Pig. 2 is a scale 
of intensities showing actual ratios 
of energy of sound with equivalent 
measurements in logarithic units 
which are proportional to the sensi- 
t;ivity of the ear. For example, you 
may consider the numbers of the lo¬ 
garithmic scale as percentages of 
sound intensity. Thus, instead of an 
elevated train sounding as though it 
produced tmth of the noise 

0 t a bofler ^&op, which is the correct 
energy it wiu only 90% 

as loud when expr^ed as a percen¬ 
tage. Them is a standard unit of 
sound measurement called the decibel 
and abbreviated db. you are in¬ 
terested in it, see your S.A.R. Math 
Book beginning on page 91. 

As Pig. . 2 idmws, ear can 

adapt itself to an inUmiiy range 
Which is extremely larger—in fact, a 
ratio of 1OO,OOO,OOO^()®0 to lai^e 
symphony orchestra will in tl^cour^ 
of a few seconds change the amount 
of its sound energy output through a 
ratio of more than 40,(WO,000 to 1 
which the ear will recognize as only 
about 74 or 75 definite steps of detect¬ 
able changes in sound intensity, 

Still another property of sound by 
which we are able to distin^ish ;o^ 
instrument from mmther m 
son’s voice from ahnth^ ia 
quality. The quaR^ 
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that^-thaavera^ the 

fet afi pfisma w t^pcai- 
30 jeyclea W 1^000 
is often .regaled as the anidio 
Note-ako jn Fig. 4, that the 
5 ©ale» (10 to ®,0(X)- eycles) 
is hffcmth^icallyy, as this is 

th^elatiqn Of one note or tone to an- 
otlier on the piaao leyiSoard as on any 
musical Tt'alsq conforms 

„, to thoeharaeteristi^oqheOM ia'tone 
discrimination 'W t^ns’^ setosilitity. 
While musical wiavesr^H'o'shopm hi 
Fig. Ir an oOtaw k Iks spe(^fum'dis~ 
f jteqTOney tjf pitch to 
®'^mther of dipke or one^iiilf its valne. 
Any note whieh' is one octaim above 
anotlieK (itvfice the freqwoiey) is 
callj^ .seijond hamome of that 
fj.^'he^.thiid harinonic is a 

vaioe ofthe, 

original.as-'it- is 







wave luxin 01 tne signal v ^ 

which it liandles m this would change from B4- to jgroui^d. The 
the characteristic quality of the sound are—aboot tte same vtMage change^^^^ 
when reproduced. The design of an Bp would be obtmned lor any amount 
A.F. amplifier must take all of these of direct eurmut threugb the tube^^^ 
things into account and the repair above ^ro and brfow a point called 
man must ever keep these things in the saturation point where an increase 
mind when making replacements. in plate voltage Will no longer increase 

GRID BIAS OB GRID VOiTAGE ?“*? “f.SS 

p"R'ATTTT?Tfi'MPxrTG Bg-Ip curvc fov a typical tiiode 

REQUIREMENTS ^ ^ advantage in|« 

One of the- most impoirtaht design more or less direet current in the plate 
factors in an A.P. amplifier is pro- circuit. Such a curve for a typical 
vision for correct negative control triode tube is shown in Pig. 4 "along 
grid voltage. It must be of such a with otber information. . 

walue as to accommodate the expected / 

A.C. signal swing on the grid. Too, HOW OBIO BIAS APPEGTS 

the amount of grid bias determines THE OPERATINO POINT 

the opera/iti^ point on the Eg-Ip To illustrate the principles involwfed^^^ 

curve of the tube. If the grid bias is in tube operation the bias voltage 

too high or too low, dfetortion will in- jpig, 3 j^ay be omitted for the time'^T- ; 

variably result as will be brought out being—we will assume the grid ias - 

later. ^ This condition may be 

To bring out these points refer to brought about by simply connecting 
Pig. 3 wh^h shows a basic A.F. am- the lower end of grid load resistor 
plifier tube ha\dng a grid bias Eg of (Rg), which may. be a coil or other 
13.5 volts negative and a load which, type of grid load to the, cathode or 
for the presmit, will be designated as filament as #own in Pig. 5, Next as- 
-Bl. With this or a similar circuit all sume a peak signal input value of 5 
:that is required to obtain amplifica- volts. When this 1$ impressed on the 
tion is to make the voltage Ep from' gi^idrit will give the grid alternate 
plate to ground or cathode change charges of 5 volts posttive and'5 volts 
niore than the voltage Eg, from grid negative as indicated by the input 
Jto ground. This does not specify how signal wav^ form A m Pig. 4. Due to 
much direct current may flow through this type of vravc form acting the 
the plate circuit and through resistor grid,., the corresponding plah&kcprrent 





smr AC sfG/vAL wpor 


^ -30 so ■‘to O to reo 
Stt/O VOLTAGE . 




positive with respect to the cathode or 
filament, it will attract negative elec¬ 
trons from the regular stream between 
plate^and cathode and current will 
flow in the external grid circuit from 
grid to cathode. This, of course, is un¬ 
desirable because it ro^s the plate cur-^ 
rent an^ creates |distortion. 

- As represented in Fig. 6A this un¬ 
wanted grid current will flow from 
grid to cathode through Rg, causing 
a voltage drop, for example, of 4 volts 
making the grid negative with respect 
to the cathode i Now, if 5 ^ts is im¬ 
pressed in one direction and 4 volts 


distorted accordingly. (A later 
^r^jtesson treats distortion in detail.) 
^^IJ^: ;When the grid swings in potential 
\ fri)m zero to minus 5 volts, the plate 
current will reduce in exact propor- 
to the reduction in grid voltage 
the plate voltage will increase in 
jqtot duplication of the grid voltage 
at a greater amplitude. However, 
^^>;i^en the grid attempts to swing from 
to 5 vplts o^, in fact, m 

as the grid becomes tiie bit 
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plate current starts to 
takes somewhat more grid 
produce au increase in plate* 
along the lines'B-Bi : (see the. 
curve of Pig. 4) than along the 
A-Ai, because the curve is not sh 
or haaless at the P 2 poipt 
lines B and Bj inten^et. 


in the opposite direction, the smaller 
voltage will cancel a part of the larger 
one, leaving the only' act^ 

ing in the dremt. Thus, instead of the 
grid actually reaching 5 volts positive, 
it only reaches i volt positive (remem¬ 
ber this is on the positive half of* the 
signal cycle). This means that the ef¬ 
fective grid voltage will be reduced on 
the positive alternation hut not on the 
negative alternation, because the grid 
draws no current when negative with 
respect to the cathode. 


grid should never he allowed to 
come pomtive und^r? the eondiUo^^^;X'i 
mentionedL \ 

There will be similar difficulty . 
the grid is made too B%ative. To shoS^^t^g 
this latter effect, assume^ that SO-^vo 
n^ative is placed on the grid of _ _ 
tube m- Pig*, 3 by a battery. This 
feet is indicated in Pig.'4 by 
B which pas»^ through the —30 vohlg^!'^ 
value on the X or horizontal axis 


In addition to the fact that the posi¬ 
tive grid voltage is suppressed in the 
manner explained, when the grid is 
even the slightest bit positive, the grid 
current flow resulting will subtract 
from the plate current flow, thus low¬ 
ering the plate current by a small 
amount. These two effects, grid volt¬ 
age suppression, and grid current 
flow, > both tend to prevent the plate 
current from rising as high on the 
positive grid alternation as it reduces 
on the negative alternation. 

Naturally, if the plate current is 
distorted in this manner, the voltage 
-from plate to cathode is also distorted 
and the output voltage is, therefore, 
an exact duplicate of the input 
voltage. In Fig; 6B if the grid signal 
voltage is a perfect sine wave as shown 
by the solid line, the output voltage in 
i the plate circuit will be distorted as 
: showm by the dotted line with no bias 
voltage applied to the grid. The fore- 
•going analysis shows clearly that the 


the graphs As before, assume that 
A.C. signal voltage of 5 volts peak 
applied tp the grid of the tube. ^ 
The ^ ' negative point 
the X axis of Pig, 4 is, in this 


called the eut‘Off point,, or the .po&^l 
on the Eg“Ip curve where the 
current will be reduced to ^ro by 
—30 volt battery. That is, the 
voltage has been increased to 
high negative value that no appr^jj 
able electrons from the cathode: 
reach the plate because the grid re 
them hade to the cathode. It is ob:^^ 
bus that any negative value of voltSgi^^ 
greater than this can have no 
on the tube sin<^ the plate currei^ 
will still remain iero. When the 
is swinging in the positive 
from —30 volts, a smalK amemnt- 











modern public address or theater amplifier operates on the same prinmple as 
The above view shows an A.F, amplifier system as used on board ship^ FAc 


plication of bias-voltage), the result* 
ing plate voltage will not be a dupli* 
cate of the input voltage. Where along 
the curve, then, is the most desirable 
operating point? It is point Po.in Fig. 
4, and the reasons for this wf!|.- 0 ow be 
brought out.; Note that point Po is 
midway between Pj and Po on the 
Eg*Ip curve. Points P.^ and P 2 on the 
Eg-Ip curve of Pig, 4 are the upper 
and lower limits of negative voltage 
for the grid bias. From tbit you 
should understand that the operating 
point can be shifted along the curve, 
by changing the negative grid voltage 
on the tube. Curve. C of Pig. 4 repre-: 
sents the applied signal wlifeage when 


The -plate etn*reiit resulthig from a 
—od 4“ (+5)^ ehan^ of voltage 
(equal to —25 volta on the grid) is 
shown along the line Bi in Pig. 4 and 
will produce a .plate voltage change 
which is no reproduction: ot 
wave 8|hape at It obtdous 
that it is hi^ly^-desirable to operate 
the tube a portipn of the E^Ip 
curve (called of 

the tube) whehe ckanges^^-m grid volt* 
ages ;#ill pi^x^ exactly the -^ame 
type vof waye fom, but,. ^ eoirae, en¬ 
larged so as to get amplification. From 

the foregoing, 

if either joints Fr or are made the. 
operating point;(^3jtt?oT|ed^^ the ap* 









^ gles Pi-A-Po and Po-Bi-Po are not 

^ / identical^ and only have one side each 

^ 4 - /fi of 6^ttal length and these are the bases 

^ / -fBgand.—Eg. 

^ / Prom t;he foregoing tt is quickly 

that for the most true reproduc- 
^ tion of the grid voltage wave form at 

the plate, the section of the Eg-Ip 
^ ^ 7& —enrve. over which the grid swings or 
t«/y ^ which covers the oc«n|dete grid volt- 

age range shoidd as straight as 

/ - " 'Bf possible. The point which is ap- 

proximat^y h^ way between 2 ero 
/ ,, grid voltage and the cut-off point, 

is therefore^ chosen as the oper¬ 
ating point of the tube,. Best results 
7 for mudio are obtained 

the grid is maintained at 13.5 volts when the adjustment of the negative 
negative, ^his is applied to point Po control grid voltage makes point- Po 
on the Bg-Ip curve and the same type as the operating point for the tube, 
of grid wave exists as befo^. Note v P^?^TTA1s^ nr? 

under this condition,:the correspond- 

ing plate current wave Ci has almost PEAlh OUKKENT 

identically the same or proportional It should be clear to you that the 
shape of Ae input curve G. The plate only useable part of the plate current 
voltage wdl likewise be closely propor- is the varying part as steady direct 
tiobal to the grid wave form except current cannoEhe transferred through 
at a greater amplitude because it rep- a condenser, transformer^ ote.. There- 
resents the amplified grid voltage. fore, the direct current of the tube 
Next consider the operating point served only as a medium or carrier 
Po more closely as in Pig. 7, where a an which is superimposed the A.F. 
small portion of the EgJp curve is variation. Essentially then only 
purposely exa^erated for illustrating enough direct curr®t is needed to 
the priimiple involved. Note from allow for sufficient variation to carry 
this figure that the pcsitive swing the.signal. Any dd(Mtional current is 
-j^Eg of the grid is equal to the nega- umied. 

tive swmg —Eg. But because of the Note in thfe connection that at op- 
curvatui?e of the cur\^ the amount of crating point Pj, Pig. 4, a direct cur- 
plate current increase -f Ip is some- rent of fi flows— ^0% of. which is 
what greater than the decrease —Ip wasted. At P^ not ^ough direct cur- 
for the negative grid swing. Now, if rent flows to earr^’: the complete sig- 
the* Eg-Ip curve were a straight line nal, but at Pa enough current flows 
as indicated by the narrow line in to cari^^ the maximum variation of 
Pig, 7, the quantity —Ip would equal current and no more. Iq this case, 
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BIAS V0I^TAGE ' 

-iSuobtAIiOT* .' ^ ■ • 

that you understand the need 
^^R|#hias or negative euntrol grid 
and realize its limitations, you 
^^^&^^ypto;';iBpsainder - jusrt how- this 
is ol^iaed in a practical re- 



It is ‘ sometimes necessary and al- the proportiomng of the internal 
.ways more exact cal- resistance and lo^ resistance witfe^B 

eulated^ voltages for the grid and bias €^ctioii fe readjusted for 
plate. Therefore, a resistance type of voltage on both plate and grid; . *^§1 
voltage ^vider is used extensively in result of this rearrangement is 
self-powered 3peceivei^ to piRovide plate SB, ^ The C bias resistor;^® 

and bias voltage values as shown in is no«r in the cathode circuit andt.l^ 
Fig. 80. Insofar as the voltages avail- value must satisfy the relat^S^ 
able are eoneemed, the voltage di- Rc v Ec , , 

vider resistor network acts like a bat- 

tery, having a large voltage drop means that in any series circuit 
across its extremities and other volt- voltage djx>p aeroi^^inyvunit ppfel 
ages proportional to the repstai^e at resistance of the 

any point along the divider. The From this, fee vata of the bias 
negative volta^ drop across the lower g^stance may be found for any tube ^l^ 
section of the divider in Fig. 8C fur- follows: ^ 

nishes the correct bias for the grid of ^ jjlj ’ 

the tube. Note the point where the - . 

cathode of the tube connects to the A more convenient way to 
resistance^divider in^Fig. 8C. Any ^he value of Ec is to simply 

voltage above this cathode connection ^he voltage Ec (which it 

IS positive and likewise any voltage ^^ed to have on the grid) by the 
below tl^ cathode connection IS nega- ^al cathode current of the tufeTp 
tive with respect to tte cathode,Since In .this connection, 

the^pnd return of the tube connects ber for a screen grid tube, the 
todhe m^t negati^^e end of the di- current is equal to the plate eiS| 
vider,^it follows that the grid itself t^e screen grid current. Hct^ 

must be negative with respect to the ^ practical example. A 6E5 or .61^1 
cathode. - 



of the cathode resistor is equal tot 

2222 ohms. 

.0009 

For round figures, a value of 2000 
ohms would be practical In a l&e 
manner, other v^ues of cathode bias, 
resistors for other type tubes would 
be calculated. 

CONDENSEE ^CESSARY TO 

BYPA^ mTHOlJE RECTOR 

Because the bias resistor is con¬ 
nected from cathode to ground or,, in 
some cases> to B— of the voltage di¬ 
vider, it carries the plate current ot 
the tube and the variations ai plate 
current £A.C.) bring about undesir¬ 
able changes in grid voltage. As the 
grid becomes more positive or^^more 
exactly,, less the plate cur^ 

rent increai^s. This iin^ased etir- 
rent must fioAV through Ee^ Tfce 
ode also l)ecomes more positive than 
usual. This coimteracts to some ex¬ 
tent the effect of the grid on the sig¬ 
nal as the difference in ;potential be¬ 
tween the grid and cathode cannot be 
a# great as usual This is the reverse 
of regeneration—therefoi'e, it is called 
degeneration. The varying part of 
the voltage across Be in the cathode 
circuit; is, of course, the same signal 
variation that occurs in the plate cir¬ 
cuit because the plhte and cathode 
circuits are in series. The Tariatioil 
in the signal is desir^ in the plate 
circuit, but it is undedred in ike 
cathode circi^ for reasons already 
mentioned. To eliminate the cathode 
variations a condenser is connected in 
parallel to^ Re. This condenser must 
have less A0, reactame in ohms to 
the flow of Ait?: .than the resistor Re 
offersin ohms. The signal always 
seeking tte path 61 least resistance 
will, therefore, flow through the eon^ 
denser and to-ground, and a minimum 
voltage drop will occur across it. The 
D.C.’^component^ of the cathode <mr-. 


rent, on the other hand, cannot flow 
through the condenser and is forced 
to flow through the remtor. Thus, A.C. 
or the signal variation of the cathode 
current does not flow through the re¬ 
sistor, and, therefore, the negative 
grid voltage is disturbed a minimum 
with cathode variations. 

Condenser Ci in Pig, 8E maintains 
the voltage Be across Rc almost con¬ 
stant and prevents the degenerative 
action mentioned in the foregoing. 
The value of a condenser like Cl in 
Pig. ST) is calculated to have minimum 
reactance at the fr^uendes involved, 
namely from 30 to 10,000 cycles* Re¬ 
fer to your lesson on condensers for 
reactance formulas. 

There are other methods of obtain¬ 
ing the bias volt^e such as those 
shown in Pigs. 9A and 9B. In Figi 
9A a resistor is connected to the cen¬ 
ter tap of the filament resistor, Rt. 
This acts essentially the same as the 
one in Pig. 8E, because in this case 
the filament is the cathode, and the 
center tap resistor Rt provide^ a point 



of zero the fila^^ient cir* 

euit remifeig ia jaiinm sinee 

the fllameiil is A.Cv opem Still 

another laethi^ is shown in Pig, 9B 
where a poHion of tfa^ voltage drop 
across a choke coil is used for bias 
voltage purposes, OMj" a small frac¬ 
tion of the plate current flows through 
the resistors R and Re in Fig. 9B. In 
such a case as this, the parallel re¬ 
sistor formulas are used to calculate 
the values of R and Be. The value of 
the field coil resistance Rx and the 
amount of pkte.airTcnt flowing must 
also be known or cal^ated. In this 
figure the y^ms oi Rc and R are so 
proportioned that the voltage drop 
across Rc will be the proper value for 
the grid bias of the tube. 

D.C. OPERATED RECEIVERS 

Where D.C. operated receivers are 
used the bias voltage is obtained 
through successive voltage drops 
across tube filaments (from a D.C. 
viewpoint a tube filament acts like 
any other resistance) as in Pig. 9C. 
While you are now studying audio 
amplifiers it might be well to mention 
that R.P. tubes are often biased in 
exactly the same way as has been de¬ 
scribed for A.P. amplifiers. In the 
case of Pig. 90, fube VI is biased by 
the voltage drop across the filament of 
tube V2. Tr^e the grid return of 
tube VI and note it connects to the 
filament circuit of tube V2. In the 
case of a D.C. operated tube with a 
filament instead bi a cathode, the bias 


voltage may be regarded as the volt¬ 
age tetw^n the center point of the 
filament and the'grid/ If tube VI and 
V2 of Pig. 4c have \6 volt filaments, 
the bias of VI as 6 or 9 volts. 

BIAS CELLS Am RECTIFIER 
BIAS CIRCUITS 
A spedal purpose chemical voltage 
cell (similar to a- battery) has been 
developed for low bias voltages which 
produces about volts when charged 
with a voltage from4he grid circuit 
and maintains this voltage for a con¬ 
siderable time. Such a unit is called 
a bia^ cdh It ist usually used to bias 
the, triode grid of such multiple pur- 
po^ tubes as thO 6Q7, This method 
is mily suitable for low bias voltage 
values. The circuit for the bias cell 
is shown in Fig. 9Dv CHps are Uvsually 
used to hoM the bias ^11 in place. 

For extra high bias values where 
the plate current of a tube is not suit¬ 
able for bias purposes a separate ree- 
tlfler bias supply is used as in Fi^ 
9E, Simee little or no current is re¬ 
quired to maintain a bias voltage al¬ 
most any tube can be used as a recti¬ 
fier for a circuit like Pig^ 9E. 

AUDIO CIRCUIT ANALYSIS 
A moib complete resistance coupled 
audio.amplifier is shown in Pig. 10 
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f » ytm have 8tadie4 upHo n6w in f impeuau«^ <tx-« pax.*- 

Sjl'.E.<!o«rse..Tk<«3to??o8d in H and because of this, chants of 
>L plate cii^uk of tpbe Vl-in Pig, ff ^istance Kp have^a Imet 
not due to Bu alone, but there ^ voltage change at 

f "angT^iher circuits ^ieh ne^ to be ptorc. 

fScunsid^ as weU. See Pig. lOA. Now to get the voltage chan^ at 
eondenser -C2 you/can trace the plate of tube-VI or V2 in Pig. 10, 
J circuits to ground. One of these as large as possible M three of the im- 
?; is' tihro^^ the grid-cathode -capacity pedances mentioned should be as high 
I of tube V2 and the other is os possible. However, the distribution 

Rgz—Rgs ’ is called a grid- of total voltage change across the load 
'.r <' is divided in proportion to the im- 

' g/vif srMee pedance or reactance values encoun- 

( [■ — I I—~i tered. Condenser C2 in Pig. 10 is in 

series with all, three circuits and 
should 'lave a low reactance (high 
capacity) in ohms as emnpared, to 
the resistance of Rg 2 or the impedance 
of the grid-eathode circuit or the grid- 
plate circuit. All of the volta^ 
dropped across the condenser 02 is 
lost and the voltage drop from grid 
to ground through resistance Rga, or 
to the cathode is the only useful signal 
voltage that can be made to act on 
the grid of V2. The impedance of the 
coupling condenser 02 must, there- 


. . m tq 

(or grid load) because it allows 
p^ 'S'path for the signal between the grid 
feS)s8id cathode. The name grid leak 
Kl^ es from the fact fhht tie rttfetance 
E^aMin wa- electrons to leak off-or away 
the grid and so return to the 
^^iifeode. Another circuit in Pig. 10 
must be considered is the one 
^»the next stuge through the grid- 
capacity of the tube V2 to 03. 
^pp;®^. lOB. 

beO these cirouita have impedance 
^^^18 they, shuirt the plate-to-ground 
of VI and thus Ivmt its ability 
the volta^ at the plate of 
to V2 a maxifflum amount, 
r is impedan^ n^urally com- 
Ae, Bp or , the internal 





























f. 


coupling condenser is used. Trace up amount of- energy paased is 85% and 
the M mfd, Kae tuitil it interseets only 15% is lost, la a like manner;^ 
the 400:i^le curve. Then trace over other values can be obtained from the 
to the left and. read the per^ntage graph by using the proper curve and 
value on the vertical scale. Note it k seak. In all of the foregoing, the to- 
.7 which is equal to 100<x \7 = 70%,: ^ effective input impedance of the 
Thus at 400 cycles with a coupling tube (Iktwwn grid and cathode) has 
condenser valuC’ of ;81 mfd. the been assumed to be 100,000 ohms, Ae- 
amount of signal pai^d by tually this varies to some extent with 

the coupling condenser is 70% mxd frequency. To increase the amount of 
the amount lost across it is, therefore^ voltage transfer at the lower frequen- 
30%, cies, the coupling capacity should be 

’Now for the .01 mfdL curvcv In this as large as poi^ible as you will note 
case, C is assumed to be held cmistant from a study of Pig. 11. 
at .01 mfd.^ *and the frequency scale The resistors Rgi and Bg 2 in Pig, 
.shows a variation of from 10 cycles to 10 shunt the grids to ground and 
10,000 Cycles, The amount of -energy should be large as compared to the 
transferred by the coupling condenser grid-eathode impedance, (Note that 
can, therefore,^ be read from the graph we are in this ease referring to two 
for any frequency between 10 and stages of audio amplification.) This 
10,000 cycles* To find out what it is permits the total impedance to be as 
at 100 cycles^ trace up the 100 cycle high as possible which is desirable 
line until it interjects the *01 mfd. as it allows for maximum signal volt- 
curve, Then read over to the left and age drop to occur across it. This re¬ 
note the percentage value is approxi- sktor will defeat the purpose of the. 
mately .37^ or 37.5%; In case^ amplifier if it is too high in value as 
100—37.5 or 62,5% of the signal the (^uplmg condenser will not be 
one rg^Ss lost across the coupling con- able to dhK^harge thixmgh it r 2 q)idly 
denser and only 37.5%' is passed by enough to follow the wave form sup- 
the condenser. Atil^OOO cycles^ the pMed to it. No exact values can be 
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stated (due to consideration for over¬ 
all design) but for ordinary receiving 
tubes and eirenitiB Rgi and Rga should 
not exceed 2 megcAms nor should they 
be less than 

PEi^TB €IROUIT 
CONSIDERATIONS 

The chief dii^dvantage of resist- 
anee in the plate cireuit of a vacuum 
tube amplifier is that the actual volt¬ 
age on the plate is low because of the 
drop in the voltage across the plate 
series resistor Ri*, for example, such 
as Rti and R 1.2 in Pig-10- 

A coupling syston dedgned to over¬ 
come this difficidty makes nm of iron 
core coils which, as you know^ has n 
small D C. resistance, but an extreme¬ 
ly high A.C. reactance or impedance. 
The combined reactance and resist¬ 
ance produces a very high A.C. im¬ 
pedance, yet the voltage at the plate 
is practically the same as that at the 
supply source because there is no 
large IR drop acroi^ the plate load^ 

In Pig. 12 wl^re an impedance- 
capacity coupled circuit is shown, the 
plate load impe<Wccs are marked Zj,, 
In other lei^^ns we have shown how 
the impedance varies with frequency, 
but the results of shunting a plate 
load Zt with a rmstor for uniform 
amplification has not been completely 
expired. 

The total impeda^e of a circuit hav¬ 
ing resistance and inductive imctance 
in parallel is Bewr larger than the 
individual impedance of either one. 
This makes the liroblem quite simple. 
If Rl in Fig. IS is about 100,000 ohms, 


the total plate load impedance com¬ 
posed of Rl and Zl cannot exceed 
100,000 ohms regardless of the value 
of Zl because of ^ the parallel law^ 
While the impedance Zl can decrease, 
it usually is such a high value that a 
satisfactory load is formed for the 
amplifier at frequencies down to^ as 
low as 40 cycles. 

Choke coils may be used as grid 
loading coils, such as Zg in Pig. 14, 
in which case, the amplifier gives prac¬ 
tically the same results as when using 
resistance loading. Here the poi1:ion 
of the total impedance supplied by 
the grid-cathode circuit increases with 
frequency and amplification at higher 
frequencies are favored more than in 
A resistance-capacity or impedance- 
capacity emipl^ circu^J. The expense 
of this double or dtial impedance cir¬ 
cuit as in Fig. 14 seemed to prevent 
its wide application. Even with the 
advantages of h^h. plate voltage it 
has never been preferred above the 
straight resistance-capacity coupled 
amplifier such as that shown in Pig. 
10 , 

AUDIO TRANSFORMER 
COUPLING 

As eaqplained for radio frequency 
amplification there is a varying cur¬ 
rent flowing through thb plate cir¬ 
cuit of a tube which is capable of 
inducing voltage in any conductor 
through which its magnetic field 
sweeps. Thus, instead of using a vary¬ 
ing voltage from a ccmden^r to: cre¬ 
ate a vaiyipg electric field It is just 
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it is' paly by exfio^nmi tbe wire 
%=:s^ or >checkHig a manafaeturer’a number that such 
f^:—:-fr.;fniers may be identified. , >; 


as easy; to use a varying OTErent to 
^^^produee a vaiying-magnetie fold when 
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FS^abement trans- 
e eimtlar in outside 


I? ecfls are used. 

^onr fonser studies haye indicated 
^MgJi j>Iate Ipad impedance was 
suitable for higb.yoltage gain, 
tbis in mind you ready to 
I? study the audio iroii core transfomer 
m a means of Coupling stages and pro- 
^^^viding a load for a tube's plate cir- 
The primary of the audio tmns- 
^,^ 2 tner is, of course, pla^d in series 
the plate circuit and its A.C. 
ft vvSiupedance dei)ends on the resistance 
the wire used as a winding, the 
^luiimber of ^ire turns, size and ar- 
of iixjn or core material 
the amount bf energy being ex- 
I'i^&ted from the core by the sec- 

may seem to be an unusual way 
^jlrh^teasnre or to regard the primary 
l^^euuncc, but if attention is given 
^^«aeh of these items, accounting for 
total primary impedance of an 
transformer will be remarkably 


The expanding magnetism in the ; 
primary sweeps through the primary 
and produces a reverse voltage op¬ 
posing the one applied. This field 
also sweeps through the secondary— 
as well as everything in its path— 
and induces a voltage in it. The 
amount of voltage induced in the sec¬ 
ondary is determined by the number 
of turns and fractions of turns in the 
coil. Except for losses and energy* be¬ 
ing withdrawn from the field, the self- 
induced primary voltage is the same 
as the applied voltage. The voltage 
in any other winding will be the volt¬ 
age bf the primary multiplied by the 
ratio of turns of this to the secondary 
coil. Thu5^, if the secondary winding 
has twice the turns of its primary it 
will have twice the primary voltage 
induced into it. Here, of course, we 
are only referring to the voltage 
change across the primary 'which is 
simply the plate voltage change due 
to amplification (In a later lesson 
magnetic principles of the transformer 
core ai'e treated in detail.) 

Now, if current is drawn from the 
secondary by placing a resistance or 
impedance across it so as to form a 
Toad, the voltage drop within the 
winding due to this current will be 
opposite to that applied and the total 
will be reduced because for the 
amount of current originally flowing 
the magnetism has been reduced due 
to the secondary current flow. 

As the opposing voltage is reduced 
the applied voltage forces more cur¬ 
rent through the primary as its ^ . 
actance has been lowered. Conditions ' ■ 
at the secondary through mutual in- 
ductance of the primary and see-; ^ 
ondary are instantly made effective in^ n 
the primary and the primary imped-; * 
anee depends much more on the sec¬ 
ondary load than anything else. When ^: 
the secondary is open (not connected 
to a load) the primaryT 
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, ^ behavior which tell the entire story When oHe winding has an impedC':^ 
of their operation and should be defi- ance established with the use of ^»&^>^ 
, nitely fixed in mind. The amount of definite load, the ratio of impedan^^vS^^ 
current that the primary will take values wiH be proportional to 
from any A.C. voltage source is pro- square of the turns ratio or 
portional to the secondary current, ratio, 

, The secondary load determines the Copsidering the use of a type 

secondary current which or 6C5 tube, which are two of theF^^ 

ly regulates the primary current. The most coitimonly used low power 
f impedance of the primary or of any amplifiers (Fig. 15), the A.C. plat^J||S|| 
transformer winding is, therefore, not resistance of these tubes is approxi-^^'f '^ 
a definite value. When an impedance mately 9500 ohms.; The ^ primary iin/!X?K4^ 
value is given the loading of the other pedance of an AvF. transformer 
winding or windings must be specified these types of tubes should be some* 
as well as the frequency. what greater than this figure so that 

For a given amount of iron core the greatest possible voltage gain may^^.44:;^ 
material, a certain minimum number be had. If the transformer has a 
of turns of wire for each volt applied step-up ratio of 3 to 1 or 3 times 
are necessary to permit the primary many turns in the winding used as the?v^l 
current to be converted into magne- secondary as in the primary, it 
tism and to induce voltage into one have 9 times the impedanee--4ife|.^^^ 
or more secondaries. The factor square oi turns ratio gives the 

per-volt is the same for every winding ondary impedance. If the secondai^/^^M 
of a transformer, and is low for high is loaded with a Resistance of 
" power transformers and high for low ohms, the primary will have an-feu* 

: power transformers. This determines pedance of 9,5Q0 ohms. The foimjer 
7 all of the voltages of the transformer 9 times the latter which is the 
; and the ratio of one voltage to an- ance ratio. If this 85,500 ohins 
other. If the secondary has a higher ondary resistance value is increased,; 
voltage (more tum^) than the pri- the primary impedance will inere^.cf^^ 
; m^ry of the transformer it is called accordingly. 

# a step-up transformer, and if it is Under load, the secondary become 7 ’^^ 
: lower, it is called a step-down trans- a new source of power and its voUe^^f^^M 
f ormer. This is a matter of connection reduces with an increased load. 
rather than design as the primary is though this tendency is always' 

; simply the winding arbitrarily chosen a well designed transformer will 
I; for tho power source. The remaining least change in voltage for a 
p ;winding must be the secondary. For load change; ^ 

other requirements, the secondary The flow of current brings 
i^^oould become the primary if that was magnetism and when this is 
fes^rirahle. or in any non-magnetia 
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always 4irec^ly prppoitioiial 
^surrent produdilg it, i4oes not 
work in 6S:Eetly this Wjay, however, 
and the aetnM magnetic ield ^r flux 
in the iron cot^ is propor^onal to 
the current intmsity through its 
windings nnly for relatively small 
currents. As incr^ses, 

the magnetism or fltuc strength im 
creases up to a definite curr^ level 
and then for additional current^ tite 
magnetism does not increase quite so 
much. The curves in Fig. 1& bring 
out this principle in detail. Above 100 
mifliamperes this very little 
additional magnetism can be obtained 
from an A,P. transformer for an in¬ 
crease in.cUrrent. Now, if the average 
plate current of a tube is 50 ma, and 
a signal on the grid makes it change 
from 40 to ma., curve <A, the mag¬ 
netism would vary .as curve B v^Mch, 
as you will note, is considerably dis¬ 
torted because the half cyctes of the 
wave form are not the same. .This 
magnetic wave form wcuild determine 
the wave shape of the voltage induced 
in the secondary as it is the varying 
magnetism which is responsible for 
the voltage. 

If tube is biased so that it will 
allow 20 ma. average of current 
through it,. .it will oj^rate nicely at 
point Po instead of Pj in Pig. 16, 
Note with as ^the operating-paint, 
the wave diape of the sacondary volt¬ 
age ^is symmetrical: whereas it is not' 


symmetrical at B because core 
saturation. It is not always possible 
to tell at what point on its magnetiza¬ 
tion curve a transformer is operating, 
and there is definite danger of seri¬ 
ous distortion due to saturation of the 
core of the transformer. One way to 
insure that this trouble is eliminated 
is to prevent the direct current of the 
plate circuit from flowing through the 
primary of the transformer. How 
then can the tube plate circuit be com¬ 
pleted if plate current is hot to flow 
through the primaryf See Pig, 17 as 
to how this is accomplished. 

In Pig. 17, condenser 0 carries over 
the voltage variations from the plate 



circuit to the transformer-s primary 
P by charging at a higher Voltage 
level and discharging at a lower level. 
In Pig. 16 tl^ current through the 
primary can reach approximately 35 
ma. (Ps) in either direction, without 
any distortion. While any transform¬ 
er can be overloaded, this one (Pig: 
17) can carry about 5 times the signal 
current when shunt coupled as when 
series coupled, as in Fig. 15. 












' Another A JP* tmisfomer coupling 
method is-known ^ auto-transforaier 
coupling. This method permits a 
slight saving in wire and weight. Fig¬ 
ure 18 shows the circuit. It is so called 
because part of the winding is used 
for the primary (the lower part in 
this case) and the entire winding is 
the secondary. This kind of trans¬ 
former must b^ connected as shown, 
because no direct connection can be 
made with the plate of one tube and 
the grid of the next without special 
circuits. The tums-per-volt value Is 
uniform throughout the entire trans¬ 
former and hence the step-up ratio is 
in this case equal to the total number 
of turns divided by the number in the 
lower section. If a total winding is 
assumed, for example, of 750 turns 
with 250 from the tap to the lower 
end, the v(dta^ step-up ratio would be 

750 _ 

2 ^ which 18 3. 

To bytpass some* of the direct cur¬ 
rent out of the primary and make the 
impedanee-^requency characteristics 
more favorable, a resistance is very 
often shunted across the primary or 
secondary of the transformer. Al- 
:though the effect is identical if this 
is done to eithe^; the primary or sec- 
ondai^, theie is a slight advantage in 
shunting the primary as it reduces the 
I).C, through the winding. If the 
tratfisformer is a 2 to 1 step-up type, 
it will require 4 times the resistance 
across the secondary as across the pri¬ 
mary for a given effect. 

Still another method of A.F. trans¬ 
former coupling is known as 4mped- 
ance-eapaeity coupling as shown in 


It ift essential thet radio tubes be tested at frequent 
intervals. The above view shows a manufactured tube 
tester. Tubes should be tested hr this nr a similar 
method such as substituting tubes known ti^ be in 
^ond condition dor those of doubtful condition and 
then noting the results as pec the performance of the 
radio set, 

Figi 10 . This^m^hod of coupling is 
simiiat to the uthers which haye 
ready been The winding 

in the plate circuit of the tube to th# 
left is an iron core A.F. choke co& 
Signal variations across it cause a sig* 
nal voltage drop as usual and the sig¬ 
nal is passi^ on to the tranitformer T 
by way of eoupUng eondenaer G,- The 
circuit action is wry similar to that 
of Fig. 17, Sime in Fig. 19 a w'iro 
winding is used for the plate load 
little R.O. voltage drop occurs across 
it, and, tbet^fope; it requires less D.G.: 
voltage for its operation than does the 
circuit of Fig. 17.. Othehvise fhere 
is little ta choose from betweeit^hesc 
-two types of circuits* , 

SCBEFN ANB SUPPRSSSOE 
GBI0S, 

The advantages bf tastrode and* pen¬ 
tode ' (scr^u ^ and ^ : grids 

tubes in connection with B;F. ampli- 
fters may alsovbe applied to audio am¬ 
plifiers. Best aj)pjic4di<m m^V be util¬ 
ized in resistance-capacity coiqded 






2A3 250 —45 . ^ 60 

To have direct coupling, the plate 
of the 58 tube must conf ect directly 
to the: grid of the 2A3 power tube. 
This is shown in Fig. 21A. Starting 
at the lowest potential of the com¬ 
plete amplifier which is the, control 
grid of the 58 tube, the return of 
the grid load Eg, ,5 megohm must 
connect to the lower end of a large 
voltage divider /rom which any volt¬ 
age desired may be selected. This is 
shown in Fig. 21B. Next at Fig. 21C, 
the 58 cathode must connect to the 
divider at +3 volts so that the grid 
will have the proper 3 volts bias on it 


amplifiers as in Fig. ^OA and Pig. 
20 B, showing a tetrode and pentode 
Ky circuit. It is not necessary to be cbn- 
i#: cerned about internal tute electrode 
capaei|ies at A.F. because the eireUits 
are .untuned and the fequencies are 
fey so low that no serious trouble due to 
capacity between tube elements can 
exist. The advantages lie in high gain 
K. and large plate voltage swing in the 
case of the pentode where secondary 
avoided. 

DIRECT OOUPLINO - y 

S: There are several methods of di- 
^^yrectly coupling the plafe pf one tube 
the grid of the next xo that no 
'\reactahce either capacitive or induc- 
Mve i^ present. This method is called 
direct coupling but has been used 
^y-^Rttle in the past.^ A description is 
Ki; included in this lesson for complete- 
» of A.P; circuits. By this 
^. you have had . enough instruction 
^ 5 ^ut potentials and polarity to un- 
^g^l^ttand this type of coupling quite 
from the following description, 
will start with two tubes, a 58 
2A3 and show how they may be 
^&|^tly coupled. Following are listed 
^^ftSiliVoltages which must be applied to 
tube electrode and the plate and 
currents required for normal 
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through Rg. The screen of the 58 
tube must be at^+103 volts or 100 
volts above the cathode potential and 
is connected to the \"oltage divider as 









Now the 2A8 filament (this tube ha^< 
no sepaamte eathode). must be 45 volts ; 
higher than the grid which is at 
volts, so the filammt at the 2A3 tube^^_ 
is connected to +253 +45 +298\ 

volts on the divider. The plate voltage u 
of the 2A3 tube must 250 volt^ 
above that of the filament, so it is " 
nected through the transformer 
mary to a point +298 +250 = +548- 
volts on the voltage divider. With tSfe 
arrangement eaeh of the tubes , 
operated with correct and speeafi^l 
voltages and variations of the 58 
also act on the 2A3 grid as the • j 

are directly connected. . 

The great disadvantage of this typ^^;. 
of A.P. amplifier is the high volta^ 
required to operate it and the fi^ 
that varying tu^ characteristic+J 
sometimes upset the operating p^:| 
tentials. .• 

THE POWER AMPLIFIER +| 

Up to this point, we have simpivl 
considered how a varying voltage 
a voltage change may bO amplifi^,2 
Voltages alone can hot be used to npi?4 
erate a speaker, but it can be used 
force current to' flow and from th^f^ 
power may be obtained. Of two .afe> 
plifiers having the same voltage 
the one which can woiBtain its 
voltage across the lowest impe^^^j 
is the best power amplifier becAh^^ 

■ ' ■ E^' '■ •' ''■* 

power equals*^'. The tube-wlK®||i 

maintains the highest current 
the highest resistance also has the; 
power. Likewise the one which 
tains the highest voltage at the 
est current is the best power 

A certain average plate curreht^Vil^ 
flow in a tube when it is put into/io^^ 
ation. This multiplied by the vo|^^ 
from plate to cathode will 
power being dissipated within 
tube. Since all of this power 
to heat and the plate suri*aun^|^| 


TYPtUt 


As you know from your previous studies, condensers 
are used for many purposes in radio. The above 
photo shows five types of condensers which are re^* 
larly used for radio replacement work. 

in Pig. 21D. To the 58 plate and 2A3 
grid must be connected a circuit which 

has a resistance of —■ or 12,200 

.0082 ma. 

ohms so that it can carry exactly 8,2 
ma. at lOOv volts. It is attached ^to the 
voltage divider exactly 100 volts high¬ 
er than is required at the 58 plate or 
at 353 volts. With a very high in¬ 
ductance L and with the right com¬ 
bination of values for R1 and R2 ex¬ 
actly 12,200 ohms D.C. resistance may 
be obtained. This provides a very 
high A.G. impedance with good im¬ 
pedance-frequency characteristics. 






i§i& or diisisipate it^hus the heat so ^ 2 

is often called i^aie disst- desirable to know how the 

and is measured in watts. external plate load impedance should 

;^;,5?hoiVthef)la^ci3«?m^ compare with the internal tube or 

^tvml load it^ too, dissipates eMrgy soy^rce impedance for maximum power 
or in other forms in^aeeort^nee ^ extracted from the tube. The 

relation PR l?or , total impedance of the entire plate 

^ ; .r- i . v circuit is Rp + Rl- Also the voltage 

^feiple, if the vcdtagOris changed lOO change at the plate is the same thing^ 
R31.S. on tte-plate and the im-- as having an A.C. generator at the 
is 200 ohms, powr will equal plate terminal. - 
W .,.10,000 

50 To reduce a power amplifier circuit 
po 55 ih?e /orm, a circuit 

3?^. current power in like that of Fig. 22 may be employed^ 
this^^*ase issim^y convei’ted into A*C. ^ Pke current in this circuit will be 
pow^,. In this it portion of the power equal to the voltage divided by the 
alteady^n the plate circuit is totalresistanceor: 

changed to a moi^ useft^ E 

pVbjr liave a^n that for maximum ^ 

voltage :amplification^ the rjdate load , . ,P + 

mus^t; be made" as high as possible in which Bj^ ^tually ^ssi- 

prac W work. This not mean ^ ^ ^ 

thaf ffie nrnximhm^^m ® r 

isavMo,^tlmphw«rred^^ Rp+1^ ^ 

incFo^Wihiel^K^R.o^^ b^nsa- ?the problem becomes 












for B and 100 ohma lor JRp; Remiaife-' ^^ 
her,^however, tifege -aSse 
eal working vaitiea bnt fkey will | 

to show the principles involved. 
lowing are the seven solutions! for 
power developed across Ri,. Also th s^fe j 
total current for each value of Rt 


lflOXlO0+2XlOOXl+l5<;i 

TOO ^ 

— — .0008 watfet ap^d I 

»* .0991 amp. ” : ri; 

If the same formula is employetfi 
it will give the following ^wer valu^l 
in watts for the other Rt'values under.-; 
consideration. Thus: . Cs l 

„10 ohms and.P *=- .088 watts anif| 
I«««.0908 amp. ^ 

Ri, 9«. 50 ohmagnd P »= .22 watts api^ 
I» .0660 map. 

lOO ohms and P «.25 watts wifti 
I = .(®arap. r 

Ri^== 500 ohms and P = .139 wat^l 
I = .O160amp. 

Ri, = 1,000 ohms and P = .0826 
I = .0091 amp. ^ 

Rl = 10,000 ohms, P .=«= <0098 Wf^ 
■ I«« .00^9 ^pr' ' 

The number of watts resulting ffl^l 
each of these Mhitibns have 
verted into mUtiwatts and pjott^B 
with reference to each value- of 
Pig. 23. You will note that the )®^^ 
watt curve reaches a nummum of;^^ 
when Rt 5=» 100’Ohms-and tahseJa ^^ 
too, that-thk h also the, value 
Therefore, from thisf you eSU ^t 

any value-of Ri either less^flianf'Rp; 
or greater, than Rp indicates thht 'RL 
carries less' power. The. curr ^ 
through the circuit ih imRliamp^^ 
is plotted in Pig. 83 so Hiat it may be 
compared to the power The 

current,'of counje, 
external lo^ iaeteases' Bdt ^teinem- 
ber 


(Rp + Rl) 

^"(Rp + RJ* 
which may be expanded to: 

r. 

Rp* + 2RpRi.-HRi,< 
Although this formula is not as liandy 
as others you have worked with, it is 
reduced to its simplest possible form. 
By means of it, it is possible to show 
what value of El will permit a tube 
to generate maximum power in an 
output A.P. stage. Values of E and 
Bp and various values of Rl may be 
chosen and the results may be plotted 
|n graph form to show the amount of 
power consumed^by Rl. 

" Enough values for, El have been 
^chosen in the following examples to 
give you a definite and detailed idea 
of the manner in which the output 
-power vari^, with the value of the ex¬ 
ternal plate load. These values are: 

^ Rl ” 1 ohm 


Rl-= 1,000 

El~ 10,000^^ 

of IB^ts haS: been chosen 






io.cco 


Pi - OHMS 

FJG, 23 


age and it is at a El load of 100 
ohms when the maximum voltage drop 
occurs across Rl und this value mul¬ 
tiplied by the current flowing for 
these conditions gives the maximum 
value of power developed across Rl- 
This is the maximum power without 
regard to distortion. Since a certain 
amount of distortion is always pres¬ 
et it may be necessary to increase 
ihe value of Rl above that of Rp to 
^et maximum undistorted output as 
will be pointed out in a later lesson. 
*l£ you are interested in the E values 
for i>ower output calculaticms Just re- 
‘fiaember P E X I, and therefore, 


power (including distortion) occurs 
across Rl. 

While this is only one case, it may 
be shown that this same principle 
holds true for any value of Rp and 
for any voltage value. That is, when 
Rl is equal to Rp regardless of the 
value of Rp, the transfer of power 
from the generator (the tube) to the 
load Rl will be mwimum, 

A vacuum tube and its plate load 
are in series and the change in plate 
voltage with respect to the cathode 
makes it act as an A.G. generator 
when a signal is supplied to the grid. 
As a generator its internal resistance 
Rp is its A.C. plate resistance or the 
plate voltage change divided by the 
plate current change. When the load 
Rl i« equal to this, a maximum amount 
of power in the plate circuit will be 
transferred to the load which is exact¬ 
ly what we want to occur in the out¬ 
put stage of a radio set. From this 
it should be clear to you that when 
this is true there will be the same 
amount of power consumed internally 
by the tube as externally by the load 
since it has the same resistance and 
carries identically the same amount 
of current. The power consumed by 
the tube, however, is lost as heat. It 


^’As you have studied before, the re- 
J^itance partly determines the power 

circuit directly by PR or-^ 
' ■■■ . R 

by El where resi^nce 
^l^prtions the yoltage in such a way 
affect the power. Although the 
is low for values of Rl above 
'rfims in Pig. 22 the remstance is 
^p^again forming voltage and cur- 
combinations with increasingly 
power as Rl is increased in value, 
of the foregoing, therefore, proves 
when Rl equ^-ls Rp the maximum 





The construction of metal type tubes is similar to that of glass construction. The various ^ectrodes or elements 
are first assembled and then sealed within a metal envelope as shown in the above view. PAofo Courfesy of RCA-. 


collects on the plate and is radiated 
from it. The power that is continually 
discharged from the plate of a tube 
is called its plate dissipation. Not 
only is this power lost due to loss 
in the cathode-plate path within the 
tube, but to this is added heat due to 
electron bombardment, from hot cath¬ 
ode, metallic. resistance of the plate 
electrode and other minor causes. 

Thus in its ability to convert the 
D.C. power supplied to it into the A.C. 
power for a speaker, the power output 
tube cannot be more than 50% effi¬ 
cient under the conditions as gfven. 

The chief difference between a volt¬ 
age amplifier and a power amplifier 
is the impedance of its load. For a 
voltage amplifier El should be as high 
as it is practical to make it and for a 
power amplifier it should be exactly 
equal to the A.C, plate resistance of 
the tube to' which it is coupled. In¬ 
creasing El will however reduce dis¬ 
tortion. Thus the undistorted output 
pf a tube is always less than its maxi¬ 


mum power output. A later lesson 
will treat this subject in more detail. 
Since the grid, of either type of am- 
plifier (voltage or power) draws no 
current, the only power required to 
supply the grid is to charge the Ca- 
pacity formed by the grid and cath- 
ode. Voltage amplifiers have a high '0 
voltage output with little power and 
power amplifiers should have a power 
output (formed by maximum values;^ 
of current and voltage) as high as 
possible. A power amplifier is only:^^ 
needed in the last amplifier stage of a 
receiver, since the need in this case 
to supply power to operate a speaksrv^f^ 
The ability of a tpbe to convert thfe" 
plate power into useful output 
power by means of a grid signal voltrr.^||: 
age is called its power sensitimt^r/^^ 
For triodes, this is low, but for 
todes, the same grid signal can 
about considerably mo^e power 
put and in some eases more distortimf;-'!^ 
The voltage, gain of a voltage 
plifier is usually within 80 ta 
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of tke factor of the tube 

used^ while that of a power amplifier 
is h^ or less. In the case of a pen¬ 
tode, it is cortsiderablj^ less. 

- . In FigS..24 and 25 are shown t 5 T>icaI 
power amplifier circuits, eMh pre- 
. i^ded by voltage amplifiers. Note that 
in the pentode tube ^Pig. 25), the 
suppressor grid (next to the plate) is 
oennected to the cathode and that the 
sOreen grid (between suppressor and 
control grid) is supplied directly from 
, tithe positive high voltage. Power i)en- 
i lodes are constructed so that the full 
^iyoltage required for the plate may 
be used on tfee screen^ 
is an outstandh% 

t in the load requireiu^da $or pentod 
- as compared to vidta^ a«gdifiers or 
^ power ampliflei^. speeifteatloas 
(o the ratio of load to Rl holds just 
V-^well as for the triode, but the char- 
J^aeteristic operation of the pentode 
not permit the use of a load equal 
the plate resistance. You will re- 
^^^lernber it was mentioned in a former 
about E,P^ pentodes that the 
^^lion of the suppressor grid im 
^l^ased conmderably: the A.C. plate 
^li^ftanee of the tub^, f%i$ ie just as 
for A.F. power if^ee of ike pen- 
type. The factor 

high for the p^te^ tobe that 
Md it be provided load equal 




rwBs " 

to the Ep of the tube, it would over¬ 
load the tube with a 2 volt signal on 
the grid and much distortion would ^ 
result. 

Much less than in the case of E.P. 
amplifiers can distortion be tolerated 
in an audio ampMer. Therefore, to 
use the pentode as an output power 
tube, its distortion must be kept to a 
minimum. Wherefiys the ^d and plate ' 
voltage swing for the pentode powewjS 
tube are both limited for high rmpe^^v^i 
ance loads within the boundaries o:]| ^ 
negligible distortion, the load Ki^ 
should be reduced to only 6 or 7% " 
of the Ep plate resistance for best^^ 
r^uits. ' 

Obviously this lowers the operating 
Bp, the Mu and the distortion. 
also lowers the power sensitivity ©f|i^ 
the tube as well, but is the only pra^^ 
tical alternative to produce maximum ' 
undistorted power output. ' " 

In this lesson we have mainly con- - 
sidered audio amplifier principles. In J 
a later lesson you will be shown the " 
practical use of these principles in 
complete radio receivers. The prin- J 
ciples of this lesson should be remem- 
bered, and as you make progress with 
more advanced lessons, you should re- : 
fer back to this lesson as the need for 
it develops. 


* 





These questions are designed to test y knowledge of iWs 
Read them over first to see if you eea answer them. If you feel con*;"' 
fident that you can, then wnte out your answers, numbering theast'i 
to correspond to the questions^ If you are not confident that you|-^ 
can answer the questions, re«study the lesson one or more i 

before writing out your answers. Be sure to miswer every que^dwiti^ 
for if you fail to answer a question, it wiH reduce your gradb on AJif J 
lesson. When all questions have b^n answered mail them to iif | 
for grading. . ^ 


1. What are the three properties of an A.F. signal whiefa an 
must reproduce faithfully? - i 


curve) of a good audio amplifier. 


No. 3. What is the result if die operating point of an amplifier tube |i 
low or too high on the EgJp curve? . : 


No. 4. What will happen to an A.F. amplifier tube if the cathode 
resistor is not adequately by-imssed v^th a condenser ?^ 


No. 5. Should the external plate load impedance of a pentode audip^ 
plifier tube be equal to its internal A.G* plate resistance 
n^ximum undistorted output? - ^ ^ 

No. 6. Does the impedance of the primary of an A,F. transformed 
entirely on the jwHlinary itsdSE—exphuh? f 


No.. 7. What is the 
former? 


main advantage oi sdiimt ciHipling an A*F, 


No. 8* How does an ^ auto-transformer differ &om an 
transformer with two win^ngs? ■ v ; , 


No. 9. Wluit percentage of a tube’s total plate circuit power^ M 
by die external load Rl when tube if ddiveriin|E^^^^i^ 
power to a load? ' ^ / 


No. 10. What is the chief difference betwe^ a 
r power ouQHit amplifier? ^ 




